Background Although particulate matter, with diameters < 2.5 μm (PM 2.5 ) and < 10 μm (PM 10 ), and other pollutants have been associated with cardiovascular morbidity and mortality, the effect of pollutants on acute myocardial infarctions (AMIs) has rarely been investigated in Asia, especially in Shanghai, China. Methods Between 1 November 2013 and 27 April 2014, 972 patients from the Pudong District, Shanghai City, were assessed by the Emergency Medical Service. A case-crossover design was used to analyze exposure to air pollution and the AMI risk. Exposures to PM 2.5 , PM 10 , nitrogen dioxide (NO 2 ), sulphurdioxide (SO 2 ), and carbon monoxide (CO) were based on the mean urban background levels. The associations among AMI admissions, the included pollutants, temperature, and relative humidity were analyzed using correlation and logistic regression. Results The urban background levels of PM 2.5 , PM 10 and CO were associated with an increased risk of AMI, unlike NO 2 and SO 2 levels. The OR (95% CI) for AMI were 1.16 (1.03-1.29), 1.05 (1.01-1.16), 0.82 (0.75-1.02), 0.87 (0.63-1.95), and 1.08 (1.02-1.21) for PM 2.5 , PM 10 , NO 2 , SO 2 , and CO, respectively. Increases in the air quality index (AQI) were associated with more AMI occurrences. There was no correlation between fluctuations in temperature and relative humidity with AMI hospital admissions. Conclusions Short-term exposure to moderate-serious pollution levels is associated with increased risk of AMI. Increased PM 2.5 , PM 10 and CO levels are related to increased AMI admissions.
Introduction


Air pollution has deleterious effects on human health and is a major problem for the global community. Several studies have demonstrated that there are associations between exposure to common environmental pollutants and both overall and cardiovascular mortality, [17] as well as the incidence of acute myocardial infarctions (AMIs). Most of these studies primarily examined long-term pollutant exposure. Initially, a recent systematic review suggested that the association between long-term air pollution exposure and myocardial infarction, specifically, is less clear, with less than half of the identified studies finding evidence of the detri-mental effects of particles with diameters < 2.5 μm (PM 2.5 ) or < 10 μm (PM 10 ), ozone, carbon monoxide (CO), nitrogen dioxide (NO 2 ), or sulfur dioxide (SO 2 ). [8] Although some studies focused on the relationship between air pollution and AMIs, [9, 10] the data were extracted from high income regions in Western countries. At present, there remains a scarcity of evidence regarding the impact of air pollutants on AMI risk in middle-income nations, especially in Asia.
In the present study, we investigated the relationship between short-term exposure to air pollution and the AMI risk in Shanghai, China.
Methods
Shanghai City
This study examined the daily variations in hospital admissions, due to AMIs, relative to air pollutant levels in Pudong District, Shanghai City between 1 November 2013 and 27 April 2014. Shanghai is the largest metropolitan area in China, with a population of approximately 24.15 million and is located along the country's southeast coast. Pudong District is the largest area within the metropolitan area, having a population of 5,500,000. Historically, the monsoons have prevented the southeast coast of China from experiencing serious air pollution concerns. At the end of 2013, fog and haze swept south from northern China and was associated with a sharp increase in the rate of cardiovascular emergency admissions, including those for AMIs, in Shanghai City.
Hospital admissions
The inclusion criteria were AMIs which was defined according to the universal definition of myocardial infarction. [11] Daily hospital admission counts, due to AMIs [International Classification of Diseases, 9 th revision (ICD-9)], were extracted from the Emergency Medical Service documents covering the 2013-2014 period. Computerized records of daily clinic visitor admissions in Pudong District were available for each contracted medical institution. All medical institutions must submit standard claim documents for medical expenses on a computerized form that includes the dates of admission and discharge, identification number, sex, birthday, and the diagnostic code for each admission. Therefore, the information from the register database is sufficiently complete and accurate for use in epidemiological studies. At recruitment, the location of each AMI occurrence was recorded, and was dichotomized as occurring indoors or outdoors. Home, indoor workplace, public transportation and taxi, car, airport, and shopping mall or store were defined as indoor places, whereas streets and outdoor workplaces were regarded as outdoor places. The location information was verified by the patient, witness, or emergency medical service staff.
All patients were stratified according to circadian rhythm, and the time, one hour before hospital admission, was recorded as falling within one of two windows: 6: 00-18: 00 or 18: 00-6: 00. The study was approved by the Ethical Committee of Shanghai East Hospital, Tongji University. Informed consent was obtained from each patient or an immediate family member.
Air pollution and meteorological data
Six air quality monitoring stations in Pudong District have been established by the Shanghai Environmental Monitoring Center, a central government agency. The monitoring stations are fully automated and provide daily PM 2.5 , PM 10 , SO 2 , NO 2 and CO levels. For each day, hourly air pollution data were obtained from each monitoring station. After calculating the hourly mean for each pollutant from the 6 stations, the average 24-h levels of these pollutants were computed. Additional daily data for the mean temperature and mean humidity were provided by the Shanghai Meteorological Service. Pollution severity was divided into quartiles, according to the air quality index (AQI), which was calculated using the concentrations of the five indicated pollutants: an AQI of 0-100 indicated no pollution, an AQI of 101-150 indicated mild pollution, AQI 151-200 represented moderate pollution, and an AQI > 201 indicated serious pollution. [12] 
Statistical analysis
Data were analyzed using the case-crossover technique.
[1315] This design is an alternative to Poisson time-series regression models for studying the short-term effects attributed to air pollution. [16] The exposure effect was analyzed using conditional logistic regression, after constructing 24-h means for each pollutant. The period immediately preceding the time of the event was the case period, and all other comparable time intervals within the same time stratum were control periods. The reported time of the event was rounded to the full hour preceding the event.
The associations among hospital admissions, air contaminant levels and the temperature and relative humidity were estimated using the OR and 95% CI, which were produced using conditional logistic regression with weights equal to the number of hospital admissions on that day. The estimates are expressed as ORs and 95% CIs per 50 μg/m 3 for PM 2.5 , PM 10 , NO 2 , SO 2 and 50 mg/m 3 for CO. A P-value < 0.05 was considered significant for an interaction. Data management, descriptive statistics, and analysis were performed using Prism, version 5.0 (GraphPad Software, San Diego, CA, USA). Air pollutant exposure levels were entered into the models as continuous variables. Meteorological variables (daily average temperature and humidity), for the same days, were also included in the model as they were potentially confounding.
Results
Study population and exposure characteristics
Out of 1,127 Emergency Medical Service-assessed occurring during the study period, 972 met the inclusion criteria ( Figure 1 ). The distribution of AMI occurrences, shown in Table 1 , does not demonstrate any sex-related differences in the pollution effect on AMI risk. More than half of the total AMIs occurred in patients aged 61-80 years, and nearly 50% of the AMIs occurred in patients who were outdoors. 
Pollution and meteorology trends during the 6-month follow-up period
Air pollutants and meteorological conditions were measured during the study period, and showed that there were moderate or serious pollution days during the follow-up period; all of the pollutant levels were higher than those that occurred on mild or no pollution days. 10 and CO trends correlated well with each other every month. The pollution levels were particularly high and there were more consecutive days of high pollution levels during November, December and January than in other months. When the winter ended, on about March 21, the levels of the pollutants decreased (data was not shown).
Relationships among air pollutants
The urban background levels of PM 2.5 , PM 10 , NO 2 , SO 2 and CO correlated with each other. The Pearson's correlation coefficients for the pollutants are shown in Table 2 . There were correlations among the pollutant levels, including between PM 2.5 and PM 10 (r = 0.55), PM 2.5 and CO (r = 0.71), PM 2.5 and SO 2 (r = 0.63) and between SO 2 and NO 2 (r = 0.54).
Relationship among air pollutants, temperature and relative humidity
During the study, there was no relationship between any of the pollutants and temperature, nor was there a relationship with relative humidity (data was not shown).
Associations between air pollution and AMIs
The associations between the various monthly air pollutant levels and the number of hospital admissions due to AMIs were analyzed. In the single pollutant model, AMI admissions were significantly associated with the presence of each pollutant. The correlation coefficients for AMI admissions ranged 1.03-1.29 for PM 2.5 , 1.01-1.16 for PM 10 , 0.75-1.02 for NO 2 , 0.63-1.95 for SO 2 and 1.02-1.21 for CO (Table 3) . 
AMI patient distribution according to AQI quartiles
During the six months of monitoring, increases in the AQI were associated with more frequent AMI occurrences. Compared to the AQI 0-100 and the AQI 101-150 quartiles, the occurrence of AMIs was much higher (P < 0.01, Figure  2 ) when the AQI was in the 151-200 and > 200 quartiles (data was not shown). Figure 3 shows that AMIs occurred more frequently between 6:00 and 18:00 than between18:00 and 6:00. Consistently, if patients were categorized according to their being indoors or outdoors preceding of their AMIs, more AMIs were observed to occur following spending time outdoors. There were no differences in symptoms and laboratory findings between patients having indoor or outdoor onset (data not shown).
AMI patient distribution according to time of day and location
Discussion
This study describes the short-term effects of ambient air pollutant exposure on hospital admissions due to AMIs in Shanghai, China. Data show that PM 2.5 , PM 10 and CO levels were positively associated with increases in the daily numbers of AMI hospitalizations on polluted days; NO 2 and SO 2 levels did not show a relationship with AMI admissions and there was no correlation with ambient temperature or humidity.
Certain populations seem to be more vulnerable to the deleterious effects of air pollution. Nuvolone, et al. [7] found that elderly persons (age ≥ 75 years) were at greater risk for AMIs following short-term exposure to air pollutants than younger patients. These results were in accordance with our study wherein more than half of the population was 61-80 years-old. Patients with preexisting coronary artery disease were also found to have an increased risk for acute ischemic events (unstable angina or myocardial infarctions), compared with healthy subjects, during periods of increased PM 2.5 concentrations, [17] as in the present study. The most common and consistent associations between air pollutants and hospital admissions due to AMIs were found for particulate matter levels, [18] [19] [20] [21] which are now of great health and regulatory concern. Various biological mechanisms have been proposed to associate particulate air pollution with adverse cardiac endpoints. [21, 22] Mustafic, et al, [23] demonstrated that PM 2.5 and PM 10 levels are significantly associated with increased AMI risk. One reviewed study, by Peters, et al., [18] involved a case-crossover study of 772 patients presenting to Boston area hospitals with strictly defined myocardial infarctions. The authors reported that increased concentrations of ambient particulates (PM 2.5 and PM 10 ) were strongly associated with higher myocardial infarction risk. In industrialized Australia, the 24-h PM 2.5 was reported to be 8.1-11.0 µg/m these conditions, positive relationships between particulate matter levels and AMIs have been reported. Therefore, there is no doubt that particulate matter is an independent risk factor for AMI admissions.
In our study, a significant association was also demonstrated between elevated CO levels and hospital admissions for AMIs. CO is a well-recognized cardiovascular toxin. Allred, et al. [26] reported that even low levels of carboxyhemoglobin exacerbated myocardial ischemia in subjects with coronary artery disease. Several studies have suggested an association between ischemic heart disease mortality and CO exposure. [19, 20, 27, 28] The effect of CO on cardiovascular disease is considered to be related to CO replacing oxygen in the blood stream.
Our study failed to indicate an association between increased daily AMI admissions and higher NO 2 levels, unlike in previous studies. [19, 20] The reason for this difference is unclear, but may be related to ambient air differences between Shanghai and Western cities.
An association between SO 2 exposure and AMI admissions has been previously reported in Brazil. [24] In that study, SO 2 showed a significant association with AMI admissions, particularly when the average concentration of SO 2 was 14.75 ± 8.16 µg/m 3 . In the present study, the concentration of SO 2 was higher, but did not demonstrate a relationship to AMI occurrences. This discrepancy between SO 2 increases and AMI hospitalizations may also be related to ethnicity and differences between countries and the amount of vehicular traffic. The weak relationship between AMI admissions and temperature and relative humidity strongly suggested that the association between air pollutants and AMIs is not confounded by meteorological factors.
More AMIs occurred during the 6:00-18:00 time frame, when people were more likely to be outdoors, than during the 18:00-6:00 period. Additionally, during a 3-month of the study period (November, December and January), the outdoor pollution level was particularly high (data was not shown). These observations suggest that more outdoor activities result in greater whole body exposures to air pollutants and subsequently resulted in increased AMI hospital admissions.
Experimental evidence has revealed plausible biological mechanisms underlying the relationship between air pollution and the occurrence of cardiovascular disease. [22] One suggested pathway involves the initiation of pulmonary and systemic oxidative stress and inflammation by pollutants. Subsequently, a cascade of physiological responses occurs that triggers cardiovascular events. These responses include high coagulability, high platelet activity, cardiac arrhythmias, acute vascular dysfunction and plaque instability.
Our study was conducted in a subtropical city and the population was racially homogeneous compared with other Chinese populations. Therefore, the study conclusions can be generalized to the whole of southern China because of the similar racial and economic characteristics of the populations and the similar meteorological conditions within the area.
In conclusion, this study provides evidence of the association between short-term exposure to air pollutants, including PM 2.5 , PM 10 , CO and hospital admissions due to AMIs. There is good reason to believe that lowering air pollution levels will lead to fewer hospital admissions due to AMIs.
